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TV SUBSYSTEM STUDIES FOR A 
LUNAR MOBILE LABORATORY 
BY 
J. C. McBride 
ABSTRACT 
Three classifications of camera tubes are considered for a a:Tc:n: Dvd 
shuttered operation in a Lunar Mobile Laboratory. 
on previous documentation of tests made on similar types of operations, 
rather than on local testing. The choice of the SEC Vidicon is based 
The material is based 
on the further testing of the ability of this tube to withstand the 
space environment. 
The earth control station for the remote driving of the MOLAB is de- 
scribed as to the display of the information necessary for successful 
oper.ation. Three methods of display of stereo television are described 
with the advantages and disadvantages of each listed. 
for including predicted position information on the television display is 
also included. 
A possible method 
The uses of television during the manned phase, i.e., the aids to the 
scientific mission, also are investigated. Suggestions for providing 
a limited spectral analysis capability to the teldvision are suggested. 
Feasibility of including a television monitor in the Command and/or 
the Lunar Excursion Module is considered as to the weight, volume, and 
power penalties. The weight and voluqe trends are described as .the screen 
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1.0 CAMERA TUBE ANALYSIS 
c 
1.1 INTRODUCTION 
In the evaluation of camera tubes fbr a specific purpose, the conditions 
under which this tube must operate should first be specified. Since the 
camera is expected to operate during both the lunar day .ard[ night, some 
realistic values should be given for the available illumination under these 
conditions. These may be derived by the following expression: 
where 
B E Surface brightness in candles/m2 
E ; Source illumination in lumenslm2 (lux) 
f Lunar albedo 
d : Lunar photometric function 
The value of the photometric function d is derived frdm the lighting and 
viewing angles with a good assumption for this purpose being 0.2. 
albedo varies from 0.176 to 0.05 and will be assumed Bere to be 0.07. 
The lunar 
The 
E 
surface brightness then is: 
R 
Lunar day E 4u 
15.7 1 0 4 1 ~ ~  700 cadles/mZ 
Lunar night 
(earthshine) 7.58 lux 0.034 candles/m2 
This means that the camera is viewing a surface having a brightness variation 
of over 50,000,:l. The actual faceplate illumination is found by the transfer 
equation: 
1 
where 
E' : Photo cathode illumination Clux) 
= Optical transmittance of the lens system 
F I f/number of lens 
F I 22 for the lunar day, the photo cathode illumination becomes: 
Day E' 
0.8 lux 
Night 0.02 lux 
The 50,OOO:l brightness ratio has now been reduced by a variable iris to an 
illumination ratio of 40:l at the photo cathode. Further reduction of this 
ratio can be accomplished by one or more of the following means. 
1. 
2 ,  
3 .  
4. 
The use of a higher f stop on the lens, which may not be mechanically 
feasible. 
c 
The use of a neutral density filter inserted in the optical path. 
The use of AI.& (Automatic Light Control). This provides automatic 
control of the tube's operating voltages, causing a variation in the 
effective sensitivity of the tube. 
The use of artificial illumination during the night operation. 
Each of these methods has certain disadvantages. 
increases the mechanical complexity and may require additional comaands from 
The insertion of a filter 
2 
earth if not placed under the control of a local servo loop. Automatic 
Light Control has been used to control sensitive variations as much as 
10,OOO:l. However, ALC will cause some undesirable effects such as a variation 
in resolution and lag. Optimum performance then could not be realized over 
the entire range of light values. The ALC system may also be expected to 
correct  f o r  variation in caiwra performance caused by temperature vaziations. 
The attractiveness of the ALC lies in its all-electronic local feedback nature. 
The use of artificial illumination may be required even though the chosen 
camera is capable of operating with the minimum light levels. Due to the 
extreme shadows and the peculiar photometric function of the lunar surface, 
lights may be required for the illumination of obstacles either in the manned 
or unmanned mode. However, even if available, the more sensitive camera 
tube minimizes their use, reducing power consumption. 
Additional considerations of environment must include the tube's ruggedness 
to physical shock and vibration, temperature extremes during both the six- 
month dormant phase and the unmanned operating phase, and size and weight. 
The latter should be based not only on the tube itself but on the entire 
camera electronics package. The one-inch magnetically deflected and focussed 
Vidicon is increased by a factor of 4 or 5 in weight and a factor of 3 in 
volume when the deflection and focus coils are included. The relative sizes 
of four camera tubes are shown in Figure 1-1. The weights as given are for 
the all-magnet type tubes. Hybrid or all-electrostatic tubes would have a 
slightly greater weight but not as much as the combined weight of the tube, 
deflection, and focussing coils. Electrostatic models are available in all 
basic types, but sacrifice some resolution. 
3 
* 
38.1 cm 
1 
7 .6  cm 567 grams 
Image Orthicon 
t 
L U  I n t e n s i f i e r  Vidicon or SEC Vidicon 
0-- 16.3.cm-.I 
2 .9  cm  57 grams 1" Vidicon 
T 
. 
Ab-8.9 c m y  
T 
FIGURE 1-1 RELATIVE CAMERA TUBE SIZES 
4 
. . 
In regard to temperature, the tube, if possible, should be compatible with 
the existing slectronic hardware, avoiding the necessity of maintaining its 
own specizl thermal control system. During the dormant phase, the tempera- 
ture extremes are expected to be greater than in the unmanned roving phase; but 
the cameras are still expected to be capable of operation during short 
occasional checkout periods. 
Consideration should be given as to whether or not a heating or cooling 
period must be applied prior to this checkout, although the checkout could 
be accomplished without requiring optimum performance from the tube due 
to a non-optimum temperature. 
temperature variation can be catalogued prior to the mission. 
ture extremes where permanent damage occurs must be known. 
The amount of picture degradation due to 
The tempera- 
One further point must be considered in the choice of the camera tube. 
Since it is expected that stereo operation will be provided for the drive 
cameras, identical operation must be obtained from the two cameras. A 
similar problem existed to a greater degree in the three-color camera system 
where a higher precision in optics and mechanical components and the manu- 
facturing quality of the tube was required. 
1 *2  GENERAL SENSITIVITY 
The sensitivity ratings as given in the manufacturer's data sheets are 
usually in terms of the faceplate or photocathode illumination (therefore 
5 
f l u x  dens i ty )  required f o r  a maximum o r  f o r  a s p e c i f i e d  output  c u r r e n t .  
Neuhauser3 s t a t e s  that: "Light va lues  requi red  f o r  a camera tube  a r e  
commonly expressed as t h e  i n t e n s i t y  of l i g h t  i n  foot-candles  t h a t  is 
cont inuously required on t h e  f a c e p l a t e  of a camera tube ope ra t ing  i n  a 
s tandard  TV camera system". It i s  necessary then, f o r  t h i s  a p p l i c a t i o n ,  
t o  consider  t he  e f f e c t s  of a nonstandard (slow scan)  system and t h e  use  
of i n t e r rup ted  ( shut te red)  l i g h t .  I n  add i t ion ,  the scene t h a t  i s  t e l e v i s e d  
t o  produce t h e  t e s t  s i g n a l  f o r  t h e  r a t i n g  a l s o  should be s p e c i f i e d .  The 
s p e c i f i c a t i o n  is of t en  given as a white  r ec t ang le  on a b lack  background, 
which then e l imina tes  the  a p e r t u r e  response e f f e c t s  o r  i n  o t h e r  words 
p l aces  t h e  operat ion a t  t h e  100% poin t  on t h e  curve.  The t e l e v i s i n g  Of 
a more d e t a i l e d  p i c t u r e  causes  a reduct ion  i n  t h e  peak-to-peak video output ,  
according t o  the ape r tu re  response curve and t h e  frequency response 
c h a r a c t e r i s t i c s  of t he  a m p l i f i e r .  
' *  
I n  some cases ,  t h e  l i g h t  t r a n s f e r  curves used f o r  d e p i c i t n g  s e n s i t i v i t y  w i l l  
be  annotated i n  values  of f l u x  (lumens) r a t h e r  than f l u x  d e n s i t y  ( in  foo t -  
candles  o r  l ux ) .  
t h e  maximum 4 /3  aspect  r a t i o  r ec t ang le  t o  f i t  t h e  t u b e ' s  d iakonal .  
conversion then is: 
This then assumes a given scanned area which i s  u s u a l l y  
The 
Flux (lumens) 
Area (sq. i n . )  x 144 o Flux  d e n s i t y  ( f t . -candles )  
I n  t h e  met r ic  system, wi th  t h e  area i n  square cent imeters ,  t h e  144 f a c t o r  
becomes lo4 and t h e  f l u x  d e n s i t y  becames lux.  
. 
I n  t h e  same paper, Neuhauser relates t h e  camera t u b e  s e n s i t i v i t y  t o  the 
familiar American Standards Assoc ia t ion  (A=) exposure r a t i n g s  normally 
6 
. 
used in conjunction with photographic film. This rating is applicable 
c 
s i n c e  camera tubes (with the exception o f  the image d i s s e c t o r )  exhibit :  
t h e  storage e f f e c t  similar t o  film, the degzee af output signal beihg B 
func t ion  of b e t 6  the i n c i d e n t  lig5t and the amount: of t i m e  of exposure. 
The ASA r a t i n g  for t h e  camera tube is: 
ASA Exposure Index K 
Efp Tf 
where: 
Efp is the i l l u m i n a t i o n  requi red  from h i g h l i g h t s  
Tf i s  t h e  f i e l d  time where o p e n - s h u t t e r  o p t i c s  are used o r  the 
s h u t t e r  time where i n t e r r u p t e d  l i g h t  i s  used 
K is the p r o p o r t i o n a l i t y  cons tan t  
K I 31.2 wi th  Efp i n  lux 
K z 2.9 with Efp i n  foot -candles  
Neuhauser a l s o  notes t h a t  t h e  va lue  of this r a t i n g  when the t ube  is 
operated in the s l a w  scan mode is useful. f o r  the 3mclge Orthicon since 
i ts  s m s i r i v i t y  is i n v e r s e l y  proportional t o  t h e  scanning rate. 
s i n c e  the Vidiconhas a nonl inear  s e n s i t i v i t y  r e l a t i o n s h i p  t o  scan t i m e ,  the 
r a t i n g  i s  useful only within narrow l i m i t s .  It  can be shown that fox a 
Vidicon, &e light r equ i r ed  Psr propor t iona l  t a  the 3/2 power df the.field fre- 
quency3, and if we a s t s ~ c ‘  t:.~’; 6L i’rxe: scanclard scan tare of 60 ffelds/second 
However, 
a t ube  requires LO fax, then the con3tank of proportionality is 0 , 0 2 U e  Then 
t he  l i g h t  requi red  a t  m e  frarae/secand would be only 8 A235 lux,, This un- 
t r o d e  v o l t a g e  must be reduced t o  main ta in  a reasonable  dark c u r r e n t .  However, as 
7 
noted i n  the  tes ts ,  a g r e a t e r  than l inear  ga in  i n  s e n s i t i v i t y  i s  achieved 
by reducing t h e  frame r a t e .  Fu r the r ,  when one cons ide r s  t he  amount of 
l a g  (which does no t  occur i n  f i lm)  the  problem of e x t r a p o l a t i n g  the  va lues  
obta ined  from standard rates t o  low scan rates and inc luding  t h e  e f f e c t  of 
t h e  s h u t t e r  i s  f u r t h e r  complicated.  The above t e s t i n g  was done wi th  a 
s t a t i o n a r y  test p a t t e r n .  
The ASA Exposure Index system could be.use.fu1 once a new base f i g u r e  i s  
e s t a b l i s h e d  a t  t he  low scan rates, and t h e  p r e d i c t i o n  of t h e  e f f e c t s  of 
s m a l l  changes i n  the parameters i s  needed. The new base f i g u r e s  would be 
I ,  
determined by experimentation r a t h e r  than mathematics. 
1.3 RESOLUTION 
The r e so lv ing  
l i m i t i n g  r e so  
c e n t e r  of t h e  
s i g n a l  i s  neg 
c a p a b i l i t y  of a tube us'ually w i l l  be given i n  terms of a 
u t ion .  This  r a t i n g  i s  the  p o i n t  where t h e  response a t  the  
scanned a r e a  i s  reduced t o  such a degree t h a t  t h e  r e s u l t i n g  
i g i b l e ;  it - is  lost ' i n  * t h e  n o i s e  of :the  system. A more desc r ip -  
t i v e  p l c t u r e  of t h e  response i s  seen i n  the  a p e r t u r e  response curve of which 
a t y p i c a i  curve i s  shown i n  Figure 1-2. The curve is .  t h e  p l o t  of t he  m e a -  
sured  peak-to-peak output  s i g n a l  when imaging a series of t e s t  p a t t e r n s  
containing.  a success ive ly  g r e a t e r  nynber of l i g h t  and-dark  v e r t i c a l  ba r s .  
The output  s i g n a l  usua l ly  is normalized t o  u n i t y  a t  t he  ze ro  l i n e  number. 
The two'curves i n  the f i g u r e  r ep resen t  t he  r e l a t i v e  s i g n a l  ou tput  from t h e  
c e n t e r  of t he  scanned a r e a  and the  output  from a corner  of the  area when 
t h e  beam focuss ing  i s  ad jus t ed  f o r  optimum r e s o l u t i o n  a t  t h e  c e n t e r .  This  
loss of r e s o l u t i o n  a t  the  co rne r s  can be reduced somewhat by the  use of  
- 8  
. 
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FIGURE 1-2 VARIATION IN RESOLUTION 
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9 
dynamic focus circuitry if the particular tube is so designed to accept it. 
Dynamic focus is the addition of a small amount of the horizontal and 
vertical deflecting voltages, shaped into parabolas and applied to the 
focus sing anode. 
It is possible to improve the response of a tube by shaping the response of 
the associated amplifier. In general this is called aperture correction 
and is defined as the phase distortionless boosting of the high-frequency 
components of the video signal. It is done, however, at the sacrifice of 
the signal-to-noise (S/N) ratio since it boosts the noise as well as the 
* signal. The pick-up device, therefore, must produce a signal with a high 
intrinsic S / N  to the preamplifier. 
capability and aperture correction is used with good results in these 
camera types. T4e Image Orthicon, using an electron multiplier and 
producing the greatest amount of noise in the low-light areas of the 
picture, is limited in the amount of aperture correction that it can 
use. 
The Vidicon type tube which has this 
The ideal aperture correction, therefore the response curve of the 
amplifier, would be the complement of the aperture response curve of 
the tube. Notice that the aperture correction still does not extend the 
limiting resolution figure for the tube. 
1.4 
In a slow scan television system, 
the most important factors to consider. Lag refers to the retention of 
the lag characteristic becomes one of 
10 
t 
the image after scanning has been completed. 
rerms of the percent of image remaining after a single scanning. Additional 
scans without additional exposure cause a further reduction in the image, 
usually on an expodential curve. In the open-shutter commercial scanning 
system, the lag becomes important only when televising fast-moving objects 
where a certain amount of smear will result. This low amount of lag is due 
to the relatively large number of scans that will occur per unit time. 
It usually is defined.in 
Consider now the peculiar application of the vehicle television cameras 
where the frame rate must necessarily be limited (in order to conserve 
bandwidth and therefore transmitter power) to less than 5 frames/second. 
In the proposed conceptual design, a frame rate of one and an exposure 
time of five milliseconds was selected. The frame rate is based on band- 
width limitations and the exposure time to prevent image smear in the worst 
case condition of a turn. The photo cathode then is exposed to a five 
millisecond pulse of light which will result in a stored charge to be.dis- 
charged as much as one second.later. The discharge of the image must be 
fairly complete or the residual image will appear in the following cycle or 
cycles. The degree of retention of the image that can be tolerated must 
necessarily be a function of the particular application of the system and 
should be investigated under simulated conditions of the application. 
1.5 DYNAMIC RANGE 
The dynamic range of the camera tube .is a number to express its ability to 
P 
handle wide ranges of,light levels without readjustment of an operating 
potential. "the ratio of the maximum signal This value is defined as: 
11 
that the target can store without saturating to the minimum detectable 
'signal". 
fully portray scenes Fontaining highlights as well as shadows, 15 
Its value is a measure of the ability of the target ro success- 
The necessity for a wide dynamic range is much greater for the cameras 
on the lunar surface than it would be in a studio where the lighting is 
carefully and continuously contrdlled to eliminate the deep shadows. A 
camera on the lunar surface, at a height of two meters and depressed 20", 
panned through an angle of 180°, observes a scene whose brightness varies 
from a maximum of 3105 candles/m2 to a minimum of 203 candles/m . 
based on a constant albedo of seven percent. 
was considered, the ratio would be higher than the 15:l value. 
2 This is 
If variation in albedo also 
1.6 GAMMA 
Gamma is defined as the slope of the light transfer curve of a particular 
tube, expressed mathematically as: 11 
where: 
I is the signal output 
Ei is the incident illumination on the faceplate 
\I is the equalizing exponent 
S 
The ideal gamma of a camera tube would be that value that would just 
complement the gamma of the output device, the picture tube. The picture 
tube's gamma usually has a value of approximately 2.5, dictating an ideal 
gamma of 1/2.5 or 0.4 for the camera tube. The gamma of the Vidicon will 
range from 0.6 to 0.9, depending on the target material; but more important 
12 
is the fact that it is relatively constant over a wide range of operating 
potentials and light values. 
sated for by a gamma correction circuit. 
Since it is predictable, it can be compen- 
The Image Orthicon's gama will depend on the point of operation on the 
light transfer curve. When the highlights are just allowed to reach the 
knee of the curve, the gamma is then quite high. If the lens is opened 
one or two stops above this point, the gama is reduced to about 0 . 6 5 .  
However, this means a reduction in sensitiyity by a factor of four. 
The gama for the SEC Vidicon is reported as unity but the tube does not 
have the limiting point characteristic of the Image Orthicon and the gamma; 
therefore, it can be corrected by the associated circuitry. 
1.7 VIDICON 
The Vidicon is characterized by its small size, ruggedness, high intrinsic 
signal-to-noise ratio, good resolution, and reasonable power supply re- 
quirements. Physically, it best meets the requirements of the space en- 
vironment. The points in question regardingLriits use are the relatively * 
low sensitivity and the high degree of lag that occurs when the tube's 
. -  I 
para.meters are adjusted for maximum sensitivity. 
The main controlling parameter in the operation of the Vidicon is the 
signal electrode or target voltage. To best illustrate the effects when 
varying this voltage, the combined diagram of Figure 1-3 is used. The 
13 
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c 
lower tao curves show the important reverse relation between sensitivity 
and the percentage of lag. Operation at the higher target voltages pro- 
vides the maximum sensitivity, however, with the corresponding incr'ease 
iri lag. Secondly, then, we see the expodential rise in dark current. The 
maximum sensitivity operation of the Vidicon may be either the point of 
5 
intolerable lag which will depend on the type of intended operation, or the 
point at which the dark current becomes excessive. 
Dark current is defined as the current flowing in the signal electrode in 
the absence of any faceplate illumination. 
constant over the entire scanned surface, the resulting direct current 
As long as the dark current is 
component may be blocked from the signal component and therefore ignored. 
However, at high signal electrode voltages and/or a high operating tempera- 
ture, the high dark current becomes non-uniform over the entire surface, and 
the resulting a.c. component appears as an objectionable ?hading. The point 
at which this shading becomes sizable as compared to the low lights then 
sets an upper limit to the signal electrode voltage and, therefoxe, a limit 
* 
on the sensitivity. In any given tube, the ratio of the a.c. component to' 
the average value of the dark current is a function of the target uniformity 
and should be relatively constant. The responsibility of the construction 
of a high sensitivity tube then lies in the manufacturer's quaiity control 
of the target so that the tube may be operated at a high average dark 
current, therefore reducing the aforementioned ratio. 
I 
.The upper curve in Figure 1-3"finally shows the effect of temperature on 
the tube operation. To maintain the same dark current, the signal .electrode 
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voltage must be reduced as the operating temperature increases. 
sensitivity, therefore, is inversely proportional to the temperature. 
The desirable operation is then at a low stabilized temperature. 
1-4 shows actual illumination required for a given signal current. 
The 
Figure 
Operation at low signal electrode voltage provides a "fast" and stable 
camera operation. The lower limit of this control voltage is the im- 
proper beam landing that occurs in the corners of the raster. This 
effect occurs at approximately + 5 v on the target while a signal is 
generated only in the center of the picture. 
1.7.1 VIDICON SIGNAL-TO-NOISE 
It usually is assumed that the noise generated within the Vidicon is 
small when compared to that contributed by the first stage of the as- 
sociated preamplifier. In order to provide aperture correction, and in 
an attempt to equalize the response for increasing frequency, the amplifier 
becomes a high peaked circuit. 
given as 1OO:l (peak-to-peak signal to rms noise) or as 300:l visual 
Then the signal-to-noise ratio usually is 
equivalent signal-to-noise. This is obtained with a cascade (low noise) 
amplifier at the recommended highlight signal output of 0.35 uAmps. There- 
fore the equivalent noise current at the input of the amplifier was 0.35/100 
or 0.0035 W p s ,  
coined by Neuhauser 
frequency noise. 
The term "visual equivalent signal-to-noise ratio" was 
high 11 w,here the 3x gain is due to eye tolerance to 
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1.7.2 OPERATION OF THE VIDICON AT SLOW SCANNING SPEEDS 
In general, operation of the Vidicon at slower than standard scanning 
speeds will: 
1. Show a slight increase in the resolution capabilities. 
2. Present an appreciable gain in the sensitivity of the device for the same 
signal-to-noise ratio. 
3. Provide a reduced problem in the lag characteristic. 
4. Show a loss of dynamic contrast range at the lower rates. 
In Figure 1-5, the results of the experimental work done by Shelton and 
Stewart5 in their operation of a Vidicon at slow scanning rates is shown. 
The graph is a collection of data taken from several graphs in the paper, with 
,the tests being made with a constant number of scanning lines while the frame 
rate is varied between four discrete values. Under these conditions then, 
I 
the bandwidth and the noise current is reduced proportionately to the frame 
rate. The constant signal-to-noise ratio curves deviating from the vertical 
show the increase in sensitivity that is achieved at the slower scanning rates. 
The increase is much less than the theoretical maximum that could be achieved. 
The high theoretical gain is based on the idea that the Vidicon will produce 
a constant output signal regardless of scanning time and that the noise is 
directly proportional to the bandwidth. Therefore as the frame rate is reduced, 
the sensitivity is inversely proportional to the frame rate. The false assump- 
tion involved in this conclusion is that the tube operating conditions can 
18 
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remain the same. In actuality, the dark current will increase due to the 
slower scanning and the variation in the dark current may become a significant 
part of the output ‘signal. To counteract this effect and keep the ratio of 
signal current to dark current within reason, the signal electrode voltage 
must be reduced as the frame rate is decreased, yielding a corresponding 
decrease in sensitivity. 
Another fallacy in the curves as mentioned in the report is due to the testing 
procedure. The tests Gere made using an Image Orthicon type of preamplifier 
which has a relatively flat frequency response instead of the normal Vidicon 
low-noise first stage and high frequency peaking (aperture correction). In 
the 1.0. (Image Orthicon) preamplifier, the noise reduces linearly and in 
the Vidicon preamplifier the noise would be reduced expodentially. Because of 
this, the noise values used at the lower frame rates are somewhat high, making 
the constant signal-to-noise lines intersect the light transfer curves at 
higher illumination values than the theoretical. 
It also should be remembered that the type Vidicon selected is not characteristic 
of the newer types now available that can be operated at a much higher dark 
current (by a factor of ten). Remembering that it is not the high average 
values in the dark current that limits the operation, but the variations that 
exist due to non-uniformities in the target, future manufacturing techniques 
can result in higher sensitivities. 
The loss in dynamic range also is apparent by noticing the increased flatten- 
ing of the curves as the frame rate is decreased. 
required decrease in signal electrode voltage causing saturation of the target 
This again is due to the 
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by the highlights. 
a large part of the signal electrode voltage, which should be as severe in 
the newer types operated at a higher dark current and a higher signal 
electrode voltage. 
The limitation occurs when the signal voltage becomes 
1.7.3 RESOLUTION WITH SLOW SCAN 
The resolution of the Vidicon is only a function of the dimensions and the 
shape of the scanning beam itself. The increase in resolution that occurs 11 
at the lower frame rates is due to a reduction in the beam size at the lower 
beam currents that are used. Figure 1-6 depicts the resulting plots of 
aperture response curves as measured by Shelton and Stewart . 5 These curves 
show the increase in limiting resolution that occurs when the frame rate is 
. changed from 10 frames/second t o  one frame/second. At 500 lines resolution 
(the probable value for this application), the response increases from 10 to 
20 percent. 
1.8 IMAGE ORTHICON 
The high sensitivity of the Image Orthicon makes its choice hard to ignore. 
when considering the low illumination levels on the lunar surface. By using 
an image intensifier having a gain of 50, the overall sensitivity rating can 
be based on a lumens/m2 faceplate requirement. The penalty paid for 
this high sensitivity should be evaluated before going to the simpler pickup 
devices. 
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FIGURE 1-6 APERTURE RESPONSE CURVES 
(Taken from Shelton and Stewart, 
Pickup Tube Performance with Slow Scanning Rates) 
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The first point of consideration is the high comparitive complexity of 
the Image Orthicon which becomes salient when considering remotely controlled 
operation. The simple I. 0 .  (no intensifier) has fifteen applied :~ofrcnt ia lz ,  
not considering deflection or focus.currents, of which seven usually are 
made .adjustabli. Compared to this, the Vidicon has six applied potentials 
of which three are made variable. The potentials themselves cover a range 
of 1800 volts for the 1. 0. while the Vidicon requires approximately 400 
volts for operation. 
All-electrostatic models of the Image Orthicon have been constructed, but 
these would still be four times heavier than the comparable Vidicon, while 
the volumetric ratio would be approximately 22.5:l. The increased circuitry 
necessary for the I .  0. includes extra controls, the bleeder networks, and 
a high voltage power supply for the electron multiplier. This is not con- 
* 
sidered eacessive as is; however, when one considers that the extra controls 
may require one servo loop each for the remote operation, the additional 
P 
size and weight becomes appreciable. 
When sensitivity ratings are given fo r  the Image Orthicon, the actual point 
of operation in reference to the knee of the light transfer curve must be 
specified. In Figure 1-6, the curves of several tubes have been shown. ' 
Depending on the type of operation desired, the "highlights" may be placed 
'at the knee of the curve, or one or two "stops" above the knee. For example: 
the 5820 curve shows the knee at 0.2 lux while highlights at .two stops 
above the knee are 0 . 8  lux on the photocathode. 
however, will say the tube can produce signal information lux on .the 
Descriptive litLrature, 
* 
photocathode. Operation at one o r  two stops above the knee is desired in 
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broadcast operations (except colorcasting) due to the aesthetical value of 
the contrast enhancement that occurs in this type of 0peratic.n . Fcr this 4 _ I '  
1 curve would be more desirable, and would provide a more realistic picture. 
application, opera.tion with the highlights just reaching the knee of the 
5 In Figures 1-7a and 7c, the results of tests made by Shelton and Stewart 
when operating a 5820 Image Orthicon at slow scan rates are shown. Tile 
I 
light transfer curves of 1-7a show the loss  of the highly defined knee 
when compared to Figure 1-6. The knee also shows a shift to .the left as 
the frame rate is reduced, indicating saturation at a lower light level.. 
In Figure 1-7c, the increase in sensitivity can be seen. The required light 
level indicated is based on that value necessary to produce a signal-to-noise 
ratio of ten. The curve would be more linear at the lower frame rates, and 
therefore would show a greater sensitivity, if the equipmuent with which the 
tests were made was designed for a particular frame rate. A s  pointed out by 
Shelton and Stewart, the amount of light required is directly proportional 
to the frame rate (for a constant S / N  and a constant number of scan lines), 
and this theoretical increase could be more closely approached if the equip- 
ment and the tube itself were considered. 
I 
Figure 1-7b shows the effect of'target temperature on the resolution. 
curve indicates the maximum temperature before degradation of picture 
quality. This variation is due to the increase in target conductance at 
the higher temperatures which possibly could be controlled in the manufacture 
of a special tube. 
The 
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FIGURE 1-7 IMAGE ORTHICON OPERATED IN SLOW SCAN MODE 
c 
Note: 
Frame 
Rate 
Photocathode Illumination (Lux) 
Figure 1-7a Image Orthicon Light Transfer Curves at Slow Scan Rates 
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Temperature sensitivity of the Image Orthicon in general is greater than 
that of the Vidicon. In the Vidicon, a rise in temperature is compensated 
for by decreasing the signal electrode voltage accompanied by a corresponding 
decrease in the sensitivity. Variation in the Image Orthicon temperature 
will show an appreciable decrease in resolution at the higher temperatures, 
and an increased lag at too low a temperature. 
None of the above can be considered as an insurmountable obstacle preventing 
the use of the Image Orthicon. However, when considering the accelerating, 
vibrational, and shock forces that the camera will be subjected to during 
the launch and landing of the vehicle, one looks for test data in these areas. 
The lack of such data and the study of the construction of the Image Orthicon 
is indicative of the weakness of the tube for operation under hazardous 
conditions. The physical weak point of the tube is the target assembly which 
consists of a glass membrane, 2-112 inches in diameter, and 0.0002 inches thick, 
supported by a metal r ing .  
to 0.003 inches is a mesh screen. The uniformity of the separation of the 
two and the "flatness" of the glass is critical to the quality of the result- 
ing picture. The structure is sensitive to vibration such that a high speed 
blower operating near the tube could introduce an a.c. component into the 
signal. A more rugged verison of the Image Orthicon has been built to reduce 
the vibrational sensitivity. At the cost of a reduced signal-to-noise ratio 
and reduced dynamic range, the target-to-mesh distance was increased from 
0.001 to 0.0025 inches. 
is now a smaller percentage of the total distance, and the a.c. Component 
introduced into the output by vibration is proportionately less. 
shows the reduction in the dynamic range with the knee of the curve at the 
Place in front b'f;the-.target at a distance of 0.001 
The amount of displacement of mesh due to vibration 
Figure 1-6 
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3 uAmp signal level. 
target-mesh spacing was increased to 0.150 inches caused a large deviation 
from the typical 1.0. curve. The sharp saturation points were not as 
apparent, allowing a greater dynamic range; however, the transfer curve was 
no longer linear. The signal-to-noise ratio of both wide-spaced tubes is as 
much as 35 db less than the narrow-spaced tube. 
Tests with an experimental Image Orthicon where the 
1.9 SEC VIDICON 
The Secondary Electron Conduction Vidicon is a pickup tube designed to over- 
come the two limiting characteristics of the Vidicon while attempting to 
maintain the desirable Vidicon features of compactness, ruggedness, high 
resolution, good intrinsic signal-to-noise ratio, and the low demanding power 
supply requirements. The two limiting characteristics of the Vidicon were the 
relatively low sensitivity and the high degree of lag occuring with the tube 
operated in its maximum sensitivity mode. 
The Westinghouse SEC Vidicon consists of a photocathode producing an electron 
image which is accelerated to impinge on the SEC target. The total image 
gain or the gain before scanning is given as 300, making the tube approximately 
300 times as sensitive as the simple Vidicon. The target is scanned fromthe 
opposite side by a Vidicon type gun using direct beam readout, although the.’- 
feasibility of return beam s.c-anning with an electron multiplier is being 
considered. ._ 
The resolution capabilities are limited by the image accelerator portion of 
the tube indicating that the resolution would be lower than that of a . 
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Vidicon which does no t  have a s imilar  component. 
o f  the  p re sen t  tubes i s  600 l i n e s ,  which i s  marginal  f o r  t h i s  a p p l i c a t i o n .  
Aperture  co r rec t ion  is, f e a s i b l e  due t o  t h e  high i n t r i n s i c  s igna l - to -no i se  
r a t i o ,  bu t  would not apply i f  the  r e t u r n  beam e l e c t r o n  m u l t i p l i e r  were used. 
No degradat ion of r e s o l u t i o n  occurs  because of the  shadowing e f f e c t  of a 
mesh i n  f r o n t  of the t a r g e t  such as i s  i n  the  Image Orthicon,  
The l i m i t i n g  r e s o l u t i o n  
I n  the  Vidicon, a s l i g h t  i nc rease  i n  r e s o l u t i o n  w a s  seen when the  scanning 
r a t e  w a s  decreased.  
func t ion  of t he  beam cur ren t  and shape which a r e  reduced a t  t h e  lower rates. 
The SEC Vidicon r e so lu t ion  i s  no t  a func t ion  of t hese  f a c t o r s  so  i t  i s  
ques t ionable  as t o  whether o r  no t  a similar inc rease  w i l l  appear a t  the  
However, t h e  r e s o l u t i o n  i n  t h e  simple Vidicon i s  a 
lower scanning r a t e s .  
The image s e c t i o n  of the tube r e q u i r e s  an a c c e l e r a t i n g  p o t e n t i a l  of e i g h t  
kv,  which t akes  i t  out of the c l a s s  of the  simple Vid icon ' tha t  r equ i r ed  
approximately 400 v o l t s  f o r  opera t ion .  The d e f l e c t i o n  and focuss ing  
p o t e n t i a l s  would approximate those of the  Vidicon. 
The SEC Vidicon can ope ra t e  wi th  a wide dynamic range of 100 o r  more 
wi thout  a readjustment of the beam curren t . '  This  i s  on a par  w i th  t h e  
s i m p l e  Vidicon and is much b e t t e r  than the  Image Orthicon which has a 
dynamic range of 18 a t  the  most without  a readjustment  of the  beam c u r r e n t .  
I n  a d d i t i o n ,  automatic l i g h t  c o n t r o l  i s  f e a s i b l e  when similar t o  the  
Vidicon but  un l ike  t h e  Image Orthicon. 
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Vidicon with Low Velocity Scan \\ 
I 
Vidicon with High Velocity Scan 
Low Density KC1 Target 
\ 
1 2 3 --- 
Number of Scans 
Residual signal as a function of number of scans for a Vidicon and 
'for a tube with a low density KC1 target. 
Note: This diagram taken from Reference 15, Westinghouse proposal. 
FIGURE 1-8 COMPARATIVE LAG 
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The second prominent disadvantage of  the Vidicon other than sensitivity 
is its tendency to have a high degree of lag when operated at a high target 
voltage for maximum sensitivity. This deficiency becomes more apparent 
when operated in shuttered slow-scan operation without an erase cycle. 
Figure 1-8 compares the simple Vidicon and the SEC Vidicon in regard to 
this characteristic. Westinghouse describes this operation as the "most 
unique single characteristic of the SEC target". The curves for the 
Vidicon are probably not a true representation of the latest designs for 
slow-scan operation. When operated at standard scan rates, 60 fields 
per second interlaced with beam overlap, the target is scanned 12 times 
in 0.2 seconds --- the normal retentivity value for the eye. 
The main point of limitation in the use of the SEC Vidicon would be its 
ability to withstand the acceleration, vibration, and shock environment 
of the Saturn V launch and the lunar landing. No data is presented on this 
phase of the tube's tests. However, some conclusions can be drawn by 
considering the tube I s  construction. 
The weakest point is the physical construction of the tube would be the 
target and its mounting. The target consists of an aluminum oxide film 
of about 1000 (0.1 microns, 3 . 9  x inches) thickness, covered by a 
layer of aluminum 500 A thick, coated by a third layer of KC1 25 microns 
thick, but having a very low density. The entire target then is supported 
by the aluminum oxide film attached at its periphery to a Kovar ring. The 
diameter of this target is approximately one inch and it is questionable as 
to whether or not the target structure could withstand a large magnitude 
shock, 
0 
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The SEC Vidicon then possesses a l l  the desired feature's for a camera tube 
operated under the shuttered, slow-scan, high resolution conditions with 
the exception of a lack of ruggedness and with the requirement of 3 high 
voltage supply. 
scan, and its relatively high sensitivity with the probable operating 
The almost complete discharge of the image after a single 
conditions make it the most attractive of the tubes. 
static deflection and focus have been built and provide substantial weight 
Tubes having electro- . 
and 
The 
low 
size savings. 
Image Orthicon's high sensitivity is overshadowed by its complexity and 
dynamic range. New developments in ruggedized tubes may bring it to the 
point that it could withstand the hostile environment of the lunar trip; 
however, data on this phase is conspicuously absent. 
sensitivity, R. A .  Le', states, 
In regard to the high 
"With the same photocathode sensitivities 
and active'areas, Image Orthicons are three to ten times more sensitive than 
SEC Vidicon when operated with continuous faceplate illumination and at 30 
frames/second: However, when using single shuttered exposure or when there 
is significant motion in the image, the SEC Vidicon becomes more sensitive 
than the Image Orthicon .'I 
Since shuttered exposure ii the type of operation that is required here, the 
Image Orthicon and especially the Vidicon would require operation in their 
least sensitive mode to prevent stickiness or lag in the pictures. 
1 
The SEC Vidicon is chosen fordthis particular application contingent to its 
ability to withstand the adverse environment. 
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2 -0 EARTH STATION 
2 . 1  INTRODUCTION 
The final design of the earth station, from which the remote driving of 
the lunar vehicle will take place, will be the result of extensive sim- 
ulations made under conditions that closely approximate the actual prob- 
lem. The conditions of simulation are: 
1. The vehicle should: ma.tlchttChe, actual MOLAB~lgfiya~ca1..d~~ns~~~na and 
locomotion characteristics. 
I ,  
2 .  The driving surface should simulate the 1-r. terraincaccmding to 
data obtained from the Ranger and Surveyor missions. 
3 .  An actual control station with an artificial delay system should 
simulate the earth-moon transmission delay. 
The purpose of this section, then, is to: 
1. 
2 .  
3 .  
Investigate the information that will be available via television, 
telemetry, and data derived from these sources. 
Investigate information that can be obtained from the commands 
being sent to the vehicle.’ 
Formulate a presentation system of this data to act as an initial , 
system, to be modified on suggestion of the drivers as they conduct 
their testing and training program. 
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The function of the drive station could be divided into three phases during 
the mission. In the unloading phase, the MOLAB will be controlled from the 
station through the use of television. This control procedure should be 
relatively simple. In the unmanned.driving phase, the station will function 
in its most demanding role, and should be designed to acconnnodate the re- 
quired conditions. In the third phase, the manned MOLAB stage, the station 
becomes more of a data collection and monitoring point with the possibility 
of acting as primary control of'the'PM~4\BlcupdR~~dmergancy conditions. 
It is assumed at this time that two television cameras aboard the MOLAB are 
relegated to the remote driving task. A third camera might provide a rear 
view on command of the driver. The two forward-looking cameras are pro- 
vided for redundancy, but the way that they are used under normal con- 
ditions has not been firmed. The choice of methods could be selected 
from the following: 
1. Only one camera is operated at a time with the other in a standby 
. 4. 
- 
condition. The single camera would be operated at twice the frame 
rate, slightly reducing the delay time in the control servo loop. 
Conservation of camera operation time also could be provided, if 
this were considered a problem. 
2 .  Both the cameras are operated as a stereo pair. 
lunar model, M. E. Amdursky , senior staff engineer, Bendix Systems 
In tests using a 
6 
Division; states, "If provisions for stereo techniques can be accom- 
modated at all on such missions, they should be included". The cameras 
would be simultaneously exposed for proper registration, and then 
read sequentially. )The disadvantage in ths%sd sfi t-hi'zu&terev system 
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3 .  
lies in the fact that the frame rate is reduced by two when compared 
to system 1. 
The cameras are operated in a bifocal system with one camera viewing 
through a short focal length lens and the other through a variable 
focal length normally set at a long focal length. 
a system would be that the driver, using the short focal length 
camera, would be avoiding the present obstacles, while a second driver 
viewingothedmere diatant#erkain could investigate the future problems 
and decide the overall course. The same information could be obtained 
by the other systems at the penalty of stop-and-go driving techniques. 
In this mode, the two cameras would not have to be exposed simul- 
taneously as in stereo operation. 
The value of such 
4 .  The two cameras are so oriented as to provide the maximum horizontal 
r. 
field of view. The cameras would view areas side-by-side, possibly 
with some overlap. Simultaneous exposure might be desirable, but 
would not be considered absolutely necessary. 
5. Bi-color operation is not considered feasible, but is included for com- 
pleteness. 
The probable choice of operation will result in the selection of either 
system 2 ,  3 ,  or 4 ,  each of which has desirable features. 
states, regarding stereo, 'The pits and depfessions like€yz:t@,'ebe found at 
ground level observation are all but invisible using non-stered-*echniques - _  
---  but the sane view on a stereo basis shows them clearly'!. 
& 'jB; Amdursky6, 
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The advantages in the bifocal system (system 2), are that some of the pres- 
sure is taken off the primary driver and that a certain amount of planning 
occurs in this system which would not appear in the others. This could 
have a great deal of significance in regard to power consumption. 
The third system, providing the maximum horizontal field-of-view, is 
included in reference to a comment made by the test subjects after an 
experimental program of driving by television which included a long delay 
in the control loop. (See Reference 3, page 66.) "Both the drivers feel 
that their performances are adversely affected by not having a wider view- 
ing angle." The: effects of the present 53' viewing angle are, described in 
the maze experiment discussion. It is strongly recommended that means for 
increasing the angle of vision be considered and used, if possible, in 
future studies. 
It is felt that this complaint, at least in part, is psychological in that 
a driver in the car enjoys approximately 180° horizontal field-of-view 
without turning his head. The drivers of the test vehicles were possibly. 
worried about what was coming toward them from the s.ide streets. Extensive 
training could alleviate this fear and let them accept the mathematically 
determined narrower field of view. Therefore the selection should be be- 
tween systems 2 and 3,  and 
closely simulerted 'system. 
2 . 2  THE VIDEO DISPLAY 
There should be no problem 
The CRT (cathode-'ray tube) 
the final determination made by drivers in a 
for the display of system 3, bifocal operation. 
displaying the far view could be mounted above 
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the near view, with the secondary operator standing behind the driver. 
men, of course, would have viewing capability of both displays. 
Both 
There is some area of choice in the presentation of stereo television as 
seen in Figure 2-1. The three systems illustrated each have certain ad- 
vantages and disadvantages. The system employing the color tube has the 
registration and convergence problems inherent to the color tube; the red 
display appears black through the red filter with the blue display being 
highly attenuated. 
blue display being seen. 
periments. 
The same problem applies for,the other eye with only the 
This system has been used by Bendix in certain ex- 
. \  
The Polaroid system would be the simplist mechanically, although the image 
intensity is lessened considerably and dual monochrome CRT's are required. 
A higher attenuation of the unwanted image could be achieved with this 
system. 
The attenuation of light by filters in the other two systems i s  eliminated 
by the use of the motor driven ihutter in the third system. 
and right video is displayed on the one CRT with the shutter passing the 
proper display to either eye. The shutter must be synchronized to the ver- 
tical frame rate of the scan converted video and a phasing adjustment is 
necessary in the motor control. 
Alternate left 
The last two systems were demonstrated in 1955 at the American Television 
Institute, Chicago. In all three systems, it is recommended that the CRT's 
display a normal 60 fields/second as delivered by the scan converter from its 
1/2 to 5 frames/second input. 
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FIGURE 2-1 STEREO TELEVISION SYSTEMS 
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I f  t h e  choice  of a system were t o  be  made a t  t h i s  t i m e  without  t h e  bene- 
f i t  of o b j e c t i v e  t e s t i n g ,  the Polaro id  system would be s e l e c t e d .  The re- 
s o l u t i o n  c a p a b i l i t i e s  of t h e  present  c o l o r  tubes  would not  meet t h e  c r i t e r i a  
of t h e  problem. The s ide-by-s ide  CRT's ,  however, would cause t h e  d r i v e r  t o  
focus a t  a d i s t a n c e  f a r t h e r  than t h e  plane of t h e  d i s p l a y  panel ,  which 
might cause some f a t i g u e  i f  he were requi red  t o  s h i f t  h i s  view t o  i n -  
s t ruments  mounted bes ide  t h e  pane l .  
superimposing t h e  two images as i n  F igure  2 -2 .  In  t h i s  s o l u t i o n ,  on ly  one 
CRT i s  i l l umina ted  a t  a t i m e ,  and they  a l t e r n a t e  a t  a 60 cps  r a t e .  
This  problem could be solved by o p t i c a l l y  
2 . 3  SECONDARY DISPLAYED DATA 
Through te lemet ry ,  add i t iona l  d a t a  can be made a v a i l a b l e  t o  t h e  d r i v e r .  
This  d a t a  should be sor ted  as t o  i t s  importance and d isp layed  accord ingly .  
The d r i v e r  should not be encumbered d i r e c t l y  with such func t ions  as power 
management and o v e r a l l  course,  bu t  should be concerned only wi th  such d a t a  
t h a t  a i d s  him i n  obs t ac l e  avoidance.  A seccnd d r i v e r ,  coord ina tor ,  or 
planner  w i l l  ana lyze  the o v e r a l l  p rogress  snd f u t u r e  goa ls ,  and feed  such 
d a t a  as necessary  t o  the d r i v e r .  
Of primary importance t o  t h e  d r i v e r  desc r ib ing  t h e  v e h i c l e  dynamics would 
be t h e  v e h i c l e  v e l o c i t y  and t h e  t u r n  ang le  o r  wheel ang le .  
provide t h e  dr iver  with a more real is t ic  f e e l i n g  f o r  the v e l o c i t y ,  an  audi -  
b l e  tone  could be  used as an i n d i c a t i o n  of t h e  speed. 
generated by a v a r i a b l e  frequency o s c i l l a t o r  whose frequency i s  p ropor t iona l  
t o  t h e  v e l o c i t y .  
I n  o r d e r  t o  
The tone would be  
A v i s u a l  i n d i c a t o r  of v e l o c i t y  would be  a v a l i a b l e  a l s o ,  bu t  
should be used only as a confidence device ,  s i n c e  i t s  u s e  would r e q u i r e  t h a t  
. 
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t he  d r i v e r ' s  eyes  s h i f t  from t i m e  t o  time o f f  t h e  video d i sp lay .  
a c t u a l  va lue  of the v e l o c i t y  da t a  may be obta ined  from te lemet ry ,  however, 
l agging  i n  t i m e  by 1 . 3  seconds,  o r  a s y n t h e t i c  va lue  may be taken from the  
commanded va lue  and delayed 1.3 seconds t o  coord ina te  i t s  va lue  wi th  the 
v e h i c l e ' s  a c t u a l  speed. The de lay ,  t h e r e f o r e ,  p u t s  i t  i n  r e a l  t i m e .  The 
v i s u a l  d i s p l a y  should i n d i c a t e  both  va lues  on a dua l  meter such as i s  
shown in .F igu re  2-5;  however, the  audio i n d i c a t i o n  should show the  delayed 
The 
commanded va lue .  
The t u r n  ang le  should be t r e a t e d  i n  the same manner a l though no aud ib le  
i n d i c a t i o n  of turn ing  i s  provided . '  A d u a l  meter  aga in  i s  used t o  show the 
commanded va lue  delayed a r t i f i c i a l l y  and the  rece ived  va lue  ( a c t u a l )  which 
i s  unavoidably delayed. For both v e l o c i t y  and t u r n  ang le ,  t he  two va lues  
should i n d i c a t e  the  same, except  f o r  a 1 . 3  second per iod  fol lowing the  
a c t u a l  movement of t h e  veh ic l e .  
t u rn .  
a r i g h t  t u r n  and t h e  commanded va lue  meter swings p ropor t iona te ly  t o  t h e  
r i g h t .  
For example, t he  d r i v e r  commands a r i g h t  
One and th ree - t en ths  seconds l a t e r  the veh ic l e  a c t u a l l y  executes  
A f t e r  another  de lay  of 1 . 3  seconds,  the  t r u e  t u r n  ang le  i s  r e -  
ce ived  via  t h e  te lemetry and i s  shown on the  o t h e r  meter  which now swings 
t o  match the  f i r s t  meter. 
Addi t iona l  i n d i c a t o r s  a v a i l a b l e  t o  the  d r i v e r  w i l l  denote  t h e  t e l ev i s ion .  
camera ang le s  (azimuth and e l e v a t i o n )  and the  f o c a l  l eng th  of t he  l e n s ,  
assuming t h g t  a va r i ab le  focal l eng th  type i s  used. The a c t u a l  azimuth 
ang le  of the  cameras w i l l  be t h a t  of wheel t u r n  ang le ,  a l lowing  t h e  d r i v e r  
t o  "see" i n  the  d i r e c t i o n  he i s  tu rn ing ,  and a l s o  reducing the  smear problem. 
Addi t iona l  camera panning i s  allowed through a c o n t r o l  and t h i s  ang le  should 
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be displayed as the deviation from the normal, i.e., the angle pius or minus 
the wkeel angle. 
an additional capability of deviating from this normal. 
be displayed. 
actual action involved. 
A nominal depression angle will also be determined with 
The deviation will 
The orientation'of the meters should be indicative of the 
A nominal value will be used for the focal length with a control and in- 
dicator of telemetered value to cause and indicate deviations from this 
nominal value. If a turret lens system is used, warning lights can alert 
the driver that the wrong lens for driving is being used. 
2.4 PREDICTOR 
The use of a predictor or anticipator is considered highly desirabie for 
sny ~ n n t r n l  system containing a long delay. It is shown in tests 18Y19 Y 21that 
the tracking ability of a system with a delgy and using a predictor can 
approach that of a system not containing a delay. In general, a predictor 
will provide an immediate display of the effects of a command that the 
operator may insert into the system. Without such aid, the driver does 
not see the effect of a c m a n d  that tc has applied until twice the earth- 
moon delay time has elapsed. The effect of this delay in feedback informa- 
tion causes the driver to overshoot and oscillate about a desired trajec- 
tory. Even disregarding the probable loss of the vehicle, the increased 
power consumption decreases the overall of a successful mission. 
The additions to the system, for the predictor, will require a small 
analog computer with trigonometrical function capabilities and some form 
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of v ideo  genera tor  t o  convert  t h e  d . c .  ou tpu t s  of t h e  computer t o  a format 
presen tab le  on the moni tor ,  m-e computer p o r t i o n  w i l l  accept  as i npu t  t k e  
t u r n  ang le  as connnanded by t h e  ope ra to r  and w i l l  produce an ex t r apo la t ed  
t h e o r e t i c a l  f u t u r e  po in t  as  a func t ion  of t h i s  ang le  and t i m e .  The d i s -  
p l ay  po r t ion  of t he  u n i t  accep t s  t h i s  output  and produces v ideo  ou tpu t s  
r e p r e s e n t i n g  t h e  f u t u r e  d a t a .  This  video d a t a  i s  then  mixed wi th  t h e  . 
video  from t h e  veh ic l e  cameras and i s  d isp layed  on t h e  monitor .  
It i s  d e s i r a b l e  t h a t  t h e  p r e d i c t o r  show b a s i c a l l y  two forms of  i n f o r -  
mation: t h e  e f f e c t  of an i n s e r t e d  turn ,  and t h e  p ro jec t ed  width of t h e  
v e h i c l e  on t h e  t e r r a i n  i n  f r o n t  of t h e  v e h i c l e .  
computer and t h e  d i s p l a y  u n i t  w i l l  depend on t h e  v e h i c l e  dynanics,  t h e  
type  of s t e e r i n g  used, camera pe r spec t ives ,  e t c .  
The f i n a l  des ign  of t h e  
One form of d i sp l ay  gene ra to r  i s  descr ibed  by Arnold and Braisted", and 
uses  an X-Y recorder  with t h e  s u b s t i t u t i o n  of a marker f o r  t h e  pen. The 
marker i s  pos i t ioned  according to t h e  computer ou tpu t s  and r ep resen t s  t h e  
ex t r apo la t ed  f u t u r e  p o s i t i o n .  The recorder  i s  t e l e v i s e d  by a camera po- 
s i t i o n e d  to g ive  the same pe r spec t ive  as t h e  v e h i c l e ' s  cameras and the re- 
s u l t i n g  v ideo  i s  mixed and d isp layed  wi th  t h e  v e h i c l e ' s  cameras. Th i s  form 
of genera t ion  of video is unique i n  t h a t  i t  i s  s imple t o  o b t a i n  t h e  proper  
pe r spec t ive  and can be e a s i l y  changed i f  requi red  due t o  a change i n  t h e  
v e h i c l e ' s  camera depress ion .  The device*  however, i s  based on a "crab" 
type  s t e e r i n g  (a l l  the wheels t u r n )  and does not  provide  t h e  second form 
of information,  t he  pro jec ted  width of t h e  v e h i c l e  on t h e  t e r r a i n .  
With some modi f ica t ion ,  t h i s  p r i n c i p l e  can be adapted to  t h e  Ackermann type 
s t e e r i n g  and w i l l  show the  a d d i t i o n a l  information.  I n  F igure  2-3, a u n i t  
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FIGURE 2-3 PREDICTOR VIDEO GENERATOR 
4 3  
similar t o  an  X-Y r eco rde r  i s  used wi th  t h e  except ion  t h a t  more powerful 
motors would be requi red .  A t  the  i n t e r s e c t i o n  of the  d r i v e  arms, a metal 
b lock ,  f r e e  t o  turn ,  provides  a s l i d i n g  support  f o r  two f l e x i b l e  rods ,  
anchored a t  one s i d e  of the  r eco rde r  as shown. The t e l e v i s i o n  camera views 
t h e  device from a p o s i t i o n  t o  the  s i d e  and somewhat above the  r eco rde r  as  
was used i n  the  Stanford device.  This  aga in  provides  the  proper  perspec- 
t i v e ,  t o  match the view of o t h e r  video. 
The two rods  a r e  the  only p a r t s  r e f l e c t i v e  t o  l i g h t  and t h e r e f o r e  are  the  
only  par ts  t h a t  w i l l  be seen i n  the  r e s u l t a n t  video. 
r ep resen t  t he  t r acks  of the vebic le  and t h e r e f o r e  impart  t he  width of t he  
The two rods  w i l l  
veh ic l e  a t  any poin t  on the  approaching t e r r a i n .  
The ske tches  of Figure 2-4 A and B show the  e f f e c t  of superimposing the  
f l e x i b l e  rods  on the lunar  t e r r a i n .  The top ske tch  shows the  f u t u r e  p a t h  
wi th  no t u r n  i n s e r t e d ,  while t he  bottom ske tch  shows the  d r i v e r  when he 
has i n s e r t e d  t h e  proper amount of tu rn .  The d i s t a n c e  between the  two 
l i n e s ,  a t  any po in t ,  i s  i n d i c a t i v e  of the  width of t he  v e h i c l e  on the  
t e r r a i n  ahead. The l i n e s  i n d i c a t e  t h a t  the  v e h i c l e  could s a f e l y  go be- 
tween the  two c r a t e r s  bu t  could not  pass  t o  the  l e f t  of the  c e n t e r  crater .  
The curva ture  of the l i n e s  shows the  d r i v e r  immediately when the  c o r r e c t  
amount of t u r n  angle  has  been in se r t ed .  ‘The ends of t he  l i n e s  can be used 
t o  show some fu tu re  d i s t a n c e  po in t  which may be a s p e c i f i e d  d i s t a n c e  o r  
which may be computed a s  a func t ion  of t h e  v e h i c l e  v e l o c i t y  and t i m e .  The 
p o r t i o n s  of t h e  rods beyond the p i v o t  block can be e l imina ted  from t h e  
video by p l ac ing  a blackened l i g h t  s h i e l d  t h a t  i s  movable and is a t t ached  t o  
1 
the  X-arm of the  generator .  
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FIGURE 2-4 TERRAIN AND PREDICTOR SUPERPOSITION 
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It should .be  noted t h a t  t he  use of the  p r e d i c t o r  does n o t  f u r t h e r  
complicate the  veh ic l e ,  byr does involve t h e  ground equipment, w i t h  
t h e  only  real  s y s t e m  pena l ty  (o the r  than c o s t )  being t h a t  t h e  t e l e v i s i o n  
d i s p l a y  i s  somewhat c l u t t e r e d  by t h e  superimposed d i s p l a y  of t h e  pred ic-  
t o r  ou tput .  The des ign  of t he  d i s p l a y ,  t h e r e f o r e ,  i s  t o  inc lude  as much 
information wi th  the  minimum amount of c l u t t e r .  
It  was s t a t e d  t h a t  the  d r i v e r  should only  be concerned wi th  o b s t a c l e  
avoidance and t h a t  o v e r a l l  course information could be fed  t o  t h e  d r i v e r  
by another  opera tor .  The information can be obta ined  from a p l o t t e r  d r iven  
by t h e  telemetered heading and v e l o c i t y  da t a .  The p l o t t e r  i s  i n i t i a l l y  
pos i t i oned  t o  the coord ina tes  of the  MOLAB p o i n t  of landing and moves i n  
coord ina t ion  with the  a c t u a l  v e h i c l e  movement toward the  d e s i r e d  f i n a l  
p o s i t i o n ,  t h e  poin t  of landing of the a s t r o n a u t s .  The second ope ra to r  
g ives  voice  d i r e c t i o n s  to  the d r i v e r  a s  he a t t empt s  t o  main ta in  a s t r a i g h t  
l i n e  p a t h  between the  two po in t s .  
A f i n a l  suggestion f o r  the  d r i v e r ' s  s t a t i o n  i s  t o  inc lude  t h e  c a p a b i l i t y  
of r e c a l l ,  i . e . ,  t he  d r i v e r  should be a b l e  t o  look, on demand, a t  t h e  
p rev ious ly  recorded p i c t u r e s .  
caus ing  the  monitor t o  d i s p l a y  the  prev ious  p i c t u r e s  i n  a r eve r se  o r d e r  
u n t i l  a second but ton  i s  pressed ,  r e s e t t i n g  t h e  recorder .  A l t e r n a t e l y ,  a 
This could be done by p res s ing  a bu t ton  
d i a l  i s  s e t  t o  a given t i m e ,  causing the  r e c o r d e r  t o  rewind back t o  t h e  
s p e c i f i e d  p o i n t  and then read o u t  t o  the  monitor t h e  recorded tape.  The 
procedure would only be  done whi le  the  MOLAB i s  stopped and would be used 
f o r  r e t r a c i n g  a path while looking f o r  an a l t e r n a t e .  
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2 . 5  DRIVING PANEL 
In Figure 2-5, the complete driving panel is shown with the exception of tt;e 
minor function switches for camera power, target and focussing adjustments, 
efc. The area marked "warning lights" is to indicate excessive temperature 
and other abnormal conditions. Included in this category are lights to in- 
dicate when the camera azimuth, elevation, and focal length are set to 
values other than those that the driver normally uses. This can warn him 
that the 
wheel is 
steering 
predictor indicator is not showing the correct values. A steering 
chosen rather than a stick since the problem is that of 
a ground vehicle and not an aircraft. 
c 
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3 . 0  TELEVISION FUNCTIONS DURING THE MANNED PHASE 
3.1 INTRODUCTION 
During the manned phase of the mission, the stereo cameras no longer are 
prime in importance, as the astronauts perform the driving function. It 
i s  necessary, then, to consider any means in which the television system 
could be used to ai.d in the performance of the scientific mission. It is 
assumed at this time that the allotted bandwidth for television transmission 
i s  still available during the manned phase of the mission; however, if 
necessary, changes may be made t o  the television system in order to allot 
additional bandwidth for the telemetry of measurements made by the scien- 
tific package. 
3.2 IMAGE SMEAR . 
It should be remenbered that the television system is designed for a 
specific unmanned maximum velocity while the expected manned speed will 
probably be much higher (by a factor of 4 or 5). 
expected to cause a smear problem, unless the camera shatter speed is less- 
ened or a higher degree of stabilization is used. For example, the shutter 
speed i s  selected to prevent smear during the maximum rate of turn at the 
maximum unmanned speed of 1.5 meters /second. 
manned speed of approximately 5 meters /second would result in some degree 
of smear during turns. 
they arrive may cause some problem, depending upon the type of camera mount- 
ing. If the shutter is in the form of a rotating disk, a change in the 
This higher speed can be 
Operation at the highest 
For the astronauts to change the shutter speed when 
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driving speed of the motor could change the shutter speed but also would 
require a change in the frame rate of the system. 
itself is feasible only if the cameras were internally mounted. 
A change in the shutter 
3 . 3  AREAS OF INTEREST 
There are three possible areas of interest in the use of the television 
system during this unmanned phase. 
1. Observation of the lunar terrain, providing stereo pictures. 
These areas are: 
2. Observation of the astronauts when they leave the shelter of the 
MOLAB . 
3 .  Observation of any instrument implaced exterior to the vehicle. 
The order of the listing does not necessarily indicate a decreasing impor- 
tance. 
It can be assumed that a main function of the scientific mission is to 
provide extensive analytical photography of the lunar surface. 
provides a three camera synoptic view, with each camera exposed through a 
filter passing a different portion of the spectrum. The resultant film 
provides the high resolution and spectral analysis not available through 
the television system, but the return of the film depends on the total 
success of the entire mission, i.e., the safe return of the astronauts in 
the command module. 
24 One plan 
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As backup to this phase of the mission, in the case of failure during the 
return trip, the cameras are provided with automatic developer and.a samp- 
ling of the developed film is televised by a flying spot scanner and sent to 
the earth control station. 
limited to the resolution capabilities of the flying spot scanner system 
which would be lower than that of the driving cameras. 
spot scanning system then seems to be a duplication of effort of the already 
existing television system, and it appears that the overall performance of the 
mission could be improved by giving the television system a limited spectral 
analysis capability by the inclusion 
optical path. The limitation of spectral range occurs in the photocathode 
itself; however, sensors can be expected to have a visible and appreciable 
ultra-violet sensitivity for the same photocathode material. Tubes have 
been built with an infrared sensitivity but introduce additional cooling 
grcblems. The ground station observers would have the prerogative of making 
the choice of filters. In addition, the feasibility of increasing,the reso- 
lution of the television should be considered where a reduction of frame rate 
could be used to achieve a gteater number of lines of resolution as long as 
The overall resolution of these pictures is now 
The developing flying 
of selectable filters placed in the 
the limiting resolution is not exceeded. 
also accompany the change. In a comparison of the two ideas, the following 
An increase in sensitivity would 
characteristics are noted: 
1. The integration processing system would probably not produce the 
quality that could be achieved if the developing were done in an 
earth laboratory. A greater choice of types of film also would re- 
sult if the requirement of the incorporated developer were removed. 
2.  The time lag involved in the developing scanning process does not 
occur in the television system. The scientist on the ground has 
51 
almost immediate access to pictures (stereoptic) and can request ad- 
ditional photogiaphy of an area having a particular interest. 
3 .  A slight savings in weight is achieved by the elimination of the 
developing processor and the flying spot scanner. 
The observation of the astronauts by the television is of interest to 
the ground station, not only fdr the study of their movements while in the 
low pressure environment, but also in order to direct them to terrain 
features that only the trained’ selenographist may notice. 
observation of the astronaut‘s actions, the one or one-half frame per 
second operation of the television system may be too slow for correct in- 
terpretation of the mobility problems and the requirement for a faster 
frame rate with a corresponding reduction in resolution may be more 
Regarding the 
feasible. Since the actions of the astronaut would be expected to be 
relatively slow and deliberate, the increase in the frame rate may not have 
be too great to capture the motion. Also, this point of interest may have 
been investigated in prior mission to the degree that the astronauc’s 
mobility is of only secondary importance. 
Observation of instruments by television shows little interest except 
possibly in the case of the bore hole operations. The instruments have 
been selected or designed to produce results in the form of electrical 
signals that can be telemetered directly, and are not for physical ob- 
servation or direct human interpretation. 
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3 . 4  CONCLUSIONS 
The additions and modifications to the televisi-on system to enhance its 
function during the manned phase of the mission then would be to include 
a selectable filter capability and to provide a variable frame rate 
(three discrete values) modification to the synchronizing generator. The 
inclusion of variable shutter speeds is a possible variance but is not con- 
sidered necessary. 
the variable filtering. 
A slight additional weight penalty occurs only with 
A 
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4.0 FEASIBILITY OF TV MONITORS FOR THE 
COMMAND AND LUNAR EXCURSION MODULES 
4.1 INTRODUCTION 
9 
It is desirable to consider the feasibility of including television moni- 
tors for the MOLAB Command Module and the LEM in regard to the weight, 
volume, and power penalties involved. The purpose of the monitor would be . 
to observe the pictures being generated by the MOLAB and/or earth originated 
data sent to the modules, or to monitor locally produced television. It is 
assumed that the monitor must have the capability of operating in the de- 
pressurized module. 
4.2 WEIGHT, VOLUME, AND POWER TRENDS 
In order to see the trends in weight, volume, and power as the screen size 
varies, seven comercial transistorized sets were investigated. (See Figure 
1-5.) The actual values are given but are not of primary importance; only 
the trends are important, as the values are averages of several models using 
the same size screen. 
unit length diagonal is approximately 0.3, decreasing to 0.23 a t  the 22 cm 
diagonal value. The volumetric ratio is more constant as the screen sizes 
increase, but does increase at a rate greater than unity. 
diagonal ratio is about 300 at the 12 cm diagonal and increases to 575 
the 22 cm diagonal. 
At the 15 cm screen diagonal, the rktio of mass t o  
The volume-to- 
a t  
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FIGURE 4-1 WEIGHT, VOLUME TRENDS FOR TV MONITORS 
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4 . 3  EXAMPLES OF MONITORS 
As an example of a monitor designed for space environment including low 
pressure operation, the following data has been extracted. 25 
Screen Size 
Vo 1 ume 
Mass 
Power Consumption 
Re s~ lu t i on 
Light Output (Highlights) 
15 cm (6  in) useful diagonal 
24585 cm3 (1500 in3) 
9 kg (20 lbm) 
40 watts 
350 lines (min) 
30 foot-lamberts 
The unit is ruggedized and is capable of operation at critical pressures 
of 0.1 to 0.3 psi. 
The problems of low resolution occurring in these units coul% be over- 
come by the use of fiber faeeplaces. Resolutions can be increased by 
factors greater than 530 by tkis technique. 
A second unit, a l s o  designed f o r  space environment. and using the 15 cm 
diagonal CRT, required 29500 cc and had the same mass. It required 60 
watts power which was probably dr?e to the extra scanning power required 
for operation at the high frame rate of 60 fields/second. 
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